This prospective, longitudinal study documents the muscle strength and baseline function of 18 patients undergoing closed femoral shortening for discrepancy in limb length. Patients were studied for two years following surgery. Function was measured by a selfreported questionnaire, timed tests of performance and measurements of muscle strength and power. After two years, the self-reported function and ability to complete timed functional tests had returned to or improved on the pre-operative values. Muscle strength remained slightly below the pre-operative value and was more marked in the quadriceps than the hamstrings. This study suggests that small decreases in muscle strength and power following closed femoral shortening do not adversely affect the patients' ability to perform everyday activities.
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Discrepancy in limb length is a common orthopaedic problem. The incidence of a discrepancy of more than 2 cm is at least 1 in 1000. 1 It is the cause of cosmetic and functional concern due to postural imbalance whilst standing and an uneven gait. This may result in contracture of tendo Achillis, low back pain, scoliosis, pelvic tilt, and, ultimately, hip pain and possibly osteoarthritis. [2] [3] [4] Discrepancies of limb length of more than 2 cm require some form of adjustment. Shoe raises can correct this and restore mechanical forces to normal but they are poorly accepted by some patients.
Surgical correction of leg-length discrepancy by limb lengthening, using distraction osteogenesis and external fixation, is frequently performed in the United Kingdom. It is a complex and lengthy procedure with a high rate of complication, although it can produce excellent results. 5 To shorten a leg is simpler and safer, and allows a fast return to normal function. However, it is associated with complications including nonunion, malunion and poor muscle function. 6 Shortening of both femora may be performed for unacceptable tallness. 7, 8 The technique of closed femoral shortening has the advantage of lower rates of infection and nonunion. It is accomplished using an intramedullary saw with intramedullary nail fixation and was originally described by Winquist, Hansen and Pearson. 9 Previous studies have reported long-term muscle weakness after femoral shortening. 7, [10] [11] [12] However, contrary results have also been described. 6, 13 To date, no studies have addressed the impact of shortening on patients in the performance of everyday activities. We have examined the functional outcome of patients treated by percutaneous closed femoral shortening.
Patients and Methods
We prospectively studied patients undergoing 19 procedures of percutaneous closed femoral shortening for a minimum period of two years. All patients undergoing shortening during the study period were included. Ethical approval was obtained. The aetiology of each case is shown in Table I . There were 14 men and four women, with a mean age of 23 years 2 months (17 to 45; SD 7.46). The left leg was shortened in eight patients and the right in nine; one tall patient (6 feet 8 inches; 2.03 metres) with a symptomatic leg-length discrepancy, underwent bilateral shortening.
Closed femoral shortening was performed percutaneously using a modified Winquist technique. 9 The proximal femur was reamed to accommodate an intramedullary nail and a half-pin was inserted into the greater trochanter, perpendicular to the femoral shaft. A second half-pin was inserted into the distal femur, parallel to the first, using a limb reconstruction rail template (Intavent Orthofix Ltd, Maidenhead, UK). The positioning of the second half-pin allowed rotational or angular deformity to be corrected. Two osteotomies were made using an intramedullary saw, the proximal being temporarily splinted by the intramedullary nail whilst the distal was completed. The cylinder of bone from between the osteotomies, equal to the measured discrepancy, was split and displaced sideways to allow the proximal and distal segments to concertina together. A guide wire was then inserted and the intramedullary nail was driven over the guide wire. The bone ends were then compressed using the compression mechanism of the limb reconstruction rail. The nail was locked proximally and distally before the external fixator and half pins were removed (Fig. 1) .
All the patients received regular physiotherapy based upon programmes predominantly focussed on regaining movement of the knee and hip, and strength in the quadriceps and hamstrings. 10, 11 The assessments of physical outcome were performed on the day before surgery, and at six, 12 and 24 months after. The same person (KLB) carried out all the following measurements:
Stair climbing. Subjects climbed a staircase with 13 steps, each of 19 cm depth. The number of stairs that they ascended and descended in 60 seconds was recorded, using a digital stopwatch.
Sit to stand. Subjects were seated on a British standard height chair with their feet placed flat on the floor in front of them and arms folded across their chests. They stood upright with knees straight and then sat back down as quickly as possible. The number of times that each subject rose and returned to the sitting position within 60 seconds was recorded.
Single leg dips. Patients were asked to perform a single leg dip in which they stood on the operated leg, bent the knee to lower the body with the other leg parallel to the floor, and then stood up again. 7 TESS questionnaire. Self-reported function was assessed using the Toronto extremity salvage score (TESS), a specialised lower limb functional questionnaire which has been shown to be valid and repeatable.
14 Patients were given 30 questions on a 5-point Likert scale, ranging from 'not at all difficult' to 'impossible to do'. If the activity was not part of the patients' normal activities it was marked 'not applicable'. The score is an aggregation of the items and possible scores range from 0 to 100.
Muscle strength: isokinetic dynamometry. Concentric muscle strength was measured using isokinetic dynamometry, allowing strength to be measured through the range of normal functional use. 15 All patients were tested on the Kin-Com 125 isokinetic dynamometer, following a set protocol to measure peak isokinetic torque of the knee flexors and extensors during concentric muscle activity. Measurements were taken pre-operatively and six, 12, and 24 months post-operatively at an angular velocity of 60˚/ second. The range of movement for the knee was set from 0 to 90˚ flexion. Patients were positioned in the seat so that the axis of the knee joint was aligned with the axis of rotation of the machine. They were secured on the seat using straps to hold the pelvis, thigh and ankle, with their arms in a relaxed position. Both legs were tested, beginning with the side opposite to the operation. The patient warmed up on a cycle ergometer and was comfortable with the equipment before measurements were recorded. Standardised verbal commands were given with strong encouragement to produce a maximum effort.
Muscle power: leg extensor power (LEP). It is suggested that measurements of maximal extensor muscle power of the knee are more relevant to function than measurements of maximal strength, as they reproduce patterns of movement that are a common component of such tasks as walking and climbing stairs. 16 Patients were measured using the Leg Extensor Power Rig (Bio-Med International, Nottingham, UK). It consists of a seat and a footplate connected through a lever and chain to a flywheel. The subjects were seated in an upright position and settled against the back of the seat. The seat position was adjusted for comfortable extension of the knee, in conjunction with full depression of the foot pedal, varying with each subject's leg length.
Patients were asked to make two or three sub-maximal practice pushes, then five maximal efforts. Strong verbal encouragement was given after the instruction to "push the footplate down as hard and as fast as possible". There was a rest period of 20 seconds between efforts. After each attempt the force produced was displayed numerically in Watts and recorded. The highest recorded output of power was used. Both legs were tested using this method. Bodyweight was recorded using a set of calibrated bathroom scales. Measurements of LEP were summarised as relative power (absolute power divided by body-weight) as this index has greater functional relevance, and to allow comparison with other studies.
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Patient satisfaction. Satisfaction with treatment was assessed using a 5-point Likert scale with anchors at each end for extreme dissatisfaction and absolute satisfaction. Patients were also asked if they would choose to undergo the surgery again, given the same circumstances. Statistical analysis. Data were analysed using the statistical package SPSS, version 11.5 (SPSS Inc, Chicago, Illinois). There were no missing data. A multi-variate repeated analysis of variance (using GLM procedures and post hoc Bonferroni testing in the SPSS package) was used to establish the significance of changes over time. Differences between the pre-operative and final measurements were compared using the Wilcoxon matched-pairs test. The alpha level for the analysis was set at p < 0.05.
Results
On radiographic examination all 19 femora united without secondary surgery, and all leg lengths were equalised to within 5 mm. A complication occurred in a 19-year-old woman with a small femoral medullary canal. She sustained an intra-operative fracture extending from the proximal osteotomy into the proximal femur which required stabilisation with a Russell Taylor Delta nail (Smith and Nephew Surgical, Cambridge, UK). Full weight-bearing was delayed for four months but union of the fracture and osteotomy were achieved at five months. There were no other significant complications. The mean reduction of length was 3.9 cm (2.3 to 10; SD 2.05), giving a relative percentage shortening of 8.3% (4.8% to 18.2%; SD 3.4).
A significant decrease in quadriceps and hamstring torque and in extensor power was seen after shortening. Isokinetic strength remained slightly decreased two years after surgery, compared with the pre-operative values but these changes were not statistically significant (Table II) .
The hamstrings showed slightly better recovery than the quadriceps. At six months, the mean peak torque for the quadriceps was 65% of the pre-operative value, and 93% at two years. For the hamstrings the mean peak torque was 58% of the pre-operative value at six months, and 96% at two years. There was a similar pattern for the recovery of extensor power. At six months, there was a significant decrease in extensor power, with the average value 71% of the pre-operative level, but at two years this had improved to 96% (Table II) .
At two years after surgery the self-reported function and ability to complete timed functional tests had recovered and indeed slightly improved on the pre-operative values. Although all measurements were significantly decreased at six months after surgery (p < 0.001), there were significant improvements between six months and one year (p < 0.001 to p < 0.004) but only small insignificant further progress between one and two years.
There were slight improvements at two years in the scores for self-reported function, stair climbing and sit to stand compared with the pre-operative functions (p < 0.03) (Table II) . At the final follow-up, five of the 18 patients were unable to stand up from a bent-knee squat position using the operated leg; three were unable to perform this test using either leg. However, patient satisfaction was high; 15 reported themselves to be extremely satisfied with the results of their surgery and three were very satisfied. All patients said that they would choose to undergo the surgery again, given the same circumstances.
Discussion
A decrease in muscle strength was observed in the quadriceps and to a lesser extent in the hamstrings. This concurs with other studies of muscle function after femoral shortening. 10, 12, 18 It is of interest that atrophy of the quadriceps was more pronounced than of the hamstrings and that recovery was slower, particularly as the rehabilitation protocols tend to place greater emphasis on strengthening the former. Muscle is known to waste more if it is splinted in a shortened position 19 which may explain this observation. Other authors have suggested that the effect on the hamstrings tends to be less. 18 In contrast to the study by Holm et al, 10 we found that after two years the quadriceps and hamstrings had recovered to within 93% and 96% of their pre-operative values respectively, a change that was not statistically significant. There are a number of reasons that may explain this difference. The site of osteotomy in our patients was more proximal, in the subtrochanteric region, compared with the midshaft osteotomy of Holm et al. 10 A more proximal osteotomy may result in better preservation of the quadriceps strength as the greater part of the muscle bellies will be distal to and therefore not adherent to the callus of the osteotomy. 7, 10, 18 It has been reported that percentage shortening and strength are related, particularly when the former exceeds 10%. 10 In our series, one patient undergoing a simultaneous bilateral procedure, had shortening of 15% and 18%, the other patients had reductions ranging from 5% to 9%. As abductor weakness is a common long-term consequence of intermedullary nailing of the femur, 20 we documented the presence or absence of a positive Trendelenburg sign in our patients, as did Nordsletten et al. 7 We found no evidence of a positive Trendelenburg sign at the final testing two years after surgery, which concurs with Nordsletten et al. 7 After shortening there is an imposed functional inhibition of demand placed upon the muscles, as they have been made effectively too long for the underlying bone. Muscle has been shown to respond to plaster immobilisation in a shortened position with a decrease in the number of sarcomeres, the decrease being proportional to the resultant slackness. 21 The trigger for the muscle to subtract sarcomeres is related to the muscle tension along the myofibril and fibre attachment. The lack of tension on the muscle spindle causes it to relax and the rapid slow-twitch oxidative fibres to atrophy, due to lack of feedback to the extrafusal muscle fibres and lack of afferent impulses to the tonic type 1 fibres. 22 It has been suggested that effective contraction of the muscle will not occur until the muscle regains some passive tension. 23 Thus rehabilitation exercises must progress carefully to adjust to the changing amounts of passive tension of the muscle. Initial strategies for rehabilitation will be enhanced if they focus on isometric contractions, before proceeding to isotonic contractions and finally, functional activities.
We have concentrated specifically on linking muscle strength to the ability to perform functional activities. It is apparent that on most general tests of function, such as stair climbing and sit-to-stand, patients recover full function. However, the need for more sensitive tests of functional deficit is demonstrated. Despite the fact that all patients had a high score on the self-reported functional questionnaire (lowest score 95% and five patients scoring the full 100%), five could not perform a single leg raise from a squat position. Whereas patients undoubtedly recover function after femoral shortening sufficient to carry out all activities of daily life, some residual weakness may affect their ability to perform functions of higher demand such as sport or heavy manual labour.
Our results support the comments of Holm et al 10 that further significant improvements in strength and function are unlikely to occur after two years, and that any residual deficit in muscle strength at two years is likely to be permanent.
